Context: Recent evidence suggests that osteopathic manipulative treatment of somatic dysfunction in newborns may decrease complications and hospital length of stay.
tion in healthy newborns at least 6 hours after birth and to correlate those findings with maternal and labor history, gestational age, and findings of the initial newborn assessment performed immediately after birth. Our hypothesis was that longer labor, vaginal delivery, and primiparity would be associated with a higher frequency of somatic dysfunction.
Methods

Recruitment
Newborn participants were recruited from the Northeast Regional Medical Center in Kirksville 
Medical History
The following information was collected from the maternal medical record: age, race, parity, mode of delivery, labor augmentation, type of anesthesia, duration S omatic dysfunction in newborns has been discussed in the osteopathic literature for decades [1] [2] [3] and may result from intrauterine factors (eg, fibroids, multiple fetuses, uterine shape) or strains during labor and delivery. Its presence has been theorized to predispose infants to musculoskeletal problems, such as deformational plagiocephaly, and to systemic problems, such as respiratory or nervous system symptoms. 1, 4, 5 Osteopathic manipulative treatment (OMT) of somatic dysfunction in preterm newborns has been associated with reduced gastrointestinal symptoms, decreased hospital length of stay, and reduced hospitalization costs. [5] [6] [7] Therefore, the identification and treatment of somatic dysfunction may lead to improved health in newborns.
To understand the effects of somatic dysfunction in newborns, its incidence in this population must be determined. Pizzolorusso et al 8 retrospectively evaluated 155 preterm and term newborns admitted to a neonatal intensive care unit. They found a high rate of cranial somatic dysfunction, including sphenobasilar synchondrosis (SBS) strain patterns, that was unrelated to gestational age or birth weight. 8 However, they did not compare their findings with those in healthy newborns. In another study, 9 clinical evaluation of cranial somatic dysfunction in 1600 newborns revealed no cranial strain patterns in the first 6 hours after birth, but a "process of (re)organization" was observed during the 15 to 20 minutes after birth in newborns of more than 26 weeks gestation.
These clinical observations suggest that assessment for somatic dysfunction in newborns should be delayed until at least 6 hours after birth. 
Data Analysis
Head circumference measurements obtained at the initial newborn assessment (at time of birth) and at the research examination (6-72 hours after birth) were compared using a paired t test; agreement between these 2 measurements was determined using the concordance correlation coefficient. 12, 13 Linear regression analysis was used to determine whether the difference in these measurements was dependent on the newborn's age at research exami- Both examiners had to agree on findings for each examination, and findings were openly discussed. For disagreements on findings, the area was reexamined and a consensus was reached.
The assessment for somatic dysfunction included the presence of occipital condylar compression (right, left, or bilateral); cranial motion preference of 1 or more SBS strain patterns (flexion or extension, right or and less than 0, poor agreement. 16 Independent-samples t tests and linear regression analyses were used to determine if there was a correlation between newborn age at research examination and asymmetry of the orbits, mouth, and nose; presence of torticollis; quality of suckle; and CRI. Independent-samples t test was used to determine if there was a correlation between gestational age and the quality of suckle.
The CRI was also compared with gestational age, quality of suckle, SBS strain pattern, and cranial quadrant motion restriction using linear regression. A χ 2 test
or Fisher exact test was used to assess associations between specific SBS strain patterns and overriding sutures; asymmetry of the orbits, mouth, and nose;
and cranial quadrant motion restriction. Odds ratios and asymptotic or exact point probability 95% CIs were reported. 17 Because exact inference for contingency tables is a discrete problem, the coverage was not exactly 95% but at least 95%. 
Results
One hundred newborns, 51 male (51%) and 49 female (49%), participated in the current study, with no dropouts. Demographic characteristics of the mothers and labor history details are summarized in Table 1 . Characteristics of the newborns are summarized in No relationship was found between the CRI and gestational age (P=.12), quality of suckle (P=.90), SBS With the head presentation at delivery recorded as "vertex, not otherwise specified" for 75 newborns (Table 1) , the data were not specific enough for us to assess any association between head presentation and somatic dysfunction. The P value for the overall significance of the relationship to the somatic dysfunction severity score (SDSS) is included next to each characteristic. Continuous characteristics only have a regression coefficient estimate. Categorical characteristics with 2 levels include the mean SDSS at each level and the regression coefficient for the nonreference level. Categorical characteristics with more than 2 levels include the mean SDSS at each level, the regression coefficient for nonreference levels, and the P value for the significance between each nonreference level and the reference level. The reference level is the first one listed, except for "Labor Augmentation" and "Type of Anesthesia," for which the reference level is "none."
Discussion
The current study found a significant correlation between the total number of identified somatic dysfunctions, calculated as the SDSS, and the duration of labor. For every hour increase in the duration of labor, the predicted SDSS increased by 0.12 points; for every 4 hours of labor, it increased by a half point.
This finding suggested that longer labor leads to a slight increase in somatic dysfunction in newborns, which may be a result of greater cranial molding. Further, those authors found fairly equal incidence of left-sided (31%) and right-sided (30%) occipital condyle compression but did not assess for bilateral restriction; they also noted somatic dysfunction in the cervical (2%), lumbar (21%), and sacral (37%) regions. 8 In the current study, we found a much higher incidence of somatic dysfunction, with the majority of newborns having cervical (91%) and lumbar (94%) motion restriction and at least 80% of newborns having asymmetry at the sacral base. These variations in study findings were probably a result of protocol differences: Pizzolorusso et motion restriction was correlated with the asymmetry of the sacral base, which is the uppermost portion of S1. In the current study, we also found a statistically significant difference in the identification of overriding sutures between the initial newborn assessment and the research examination. Examiners of the current study found overriding sutures in 72 newborns whose initial newborn assessment found none. This finding suggests that sutures were assessed differently by the study examiners than by the attending physicians and nurses.
Because we evaluated each suture individually, our examination was probably a more precise and detailed examination for overriding sutures, resulting in only slight agreement with the initial newborn assessment.
The current study had several limitations. All physical examination findings are inherently subjective, especially when attempting to discern small differences in severity, but our examiner team had worked together for 8 years and shared a very similar palpatory assessment style, which may vary from that used by other clinicians and thus affect the reproducibility of our findings. Our palpatory protocols also probably varied from those used in other published studies of somatic dysfunction in newborns, so results should be compared cautiously. Because the cervical and lumbar vertebrae in newborns are very small, the specified locations must be considered approximate rather than precise. The predominance of al 8 assessed tissue texture abnormalities, areas of asymmetry, and misalignment of bony landmarks, whereas we specifically assessed for segmental motion restriction of the cervical and lumbar regions.
In the current study, we found that head circumferences measured by attending physicians and nurses at birth during the initial newborn assessment were significantly larger than those measured by the examiners during the research examination and that this difference did not depend on newborn age at the time of the research examination. Although the difference in measurements may represent interexaminer error, it was more likely a result of soft-tissue swelling or cranial molding in the immediate postnatal period. This supposition is supported by the significant decreases in cranial molding and caput succedaneum that we found in older newborns. Other studies have also noted that head circumference decreases in the first few postnatal days. [22] [23] [24] Souza et al 23 found that this decease occurs in newborns after both vaginal and cesarean deliveries and that head circumference gradually begins to increase 1 to 2 weeks after birth. Overall, these findings suggest that the cranium continues to change for several weeks after birth, and future studies should assess changes in somatic dysfunction longitudinally. (21) 58 (58) 1 (1) 20 (20) a Unilaterally, the sacral base could be either anterior or posterior, but not both.
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white newborns in the current study prevented us from assessing racial variations in the findings. As another limitation, the statistically significant decreases in cranial molding and caput succedaneum and the improved quality of suckle in older newborns suggest that changes are still occurring well past 6 hours after delivery in healthy newborns.
The use of healthy newborns in the current study was meant to provide a baseline incidence of somatic dysfunction in newborns, but no correlations were made to health outcomes. Because newborns who had received OMT before enrollment in the study were excluded from participation, some newborns with more severe somatic dysfunction may have been excluded from the study. We did not document the number of newborns excluded because they had received OMT, but it was probably small because participating attending physicians had agreed to postpone OMT until after the research examination.
Conclusion
The current study established a baseline incidence of somatic dysfunction in healthy newborns and showed a statistically significant correlation between the total somatic dysfunction identified and the duration of labor. We did not find any correlation between somatic dysfunction and either delivery mode or maternal parity. Our findings support those of previous studies showing decreased head circumference in the immediate postnatal period. The next steps in this line of research are to assess the natural progression of untreated somatic dysfunction over time, identify conditions associated with a higher incidence of somatic dysfunction, and assess the health outcomes of OMT for somatic dysfunction in newborns.
